Comparison of form-deprived myopia and lens-induced myopia in guinea pigs by Hui Xiao et al.
陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 7熏晕燥援 2熏 Apr.18, 圆园14 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
Comparisonofform-deprivedmyopiaandlens-induced
myopiainguineapigs
窑 BasicResearch 窑
1DepartmentofOphthalmology,theFirstAffiliatedHospital
ofChinaMedicalUniversity,Shenyang110001,Liaoning
Province,China
2DepartmentofOphthalmology,the463
th Hospitalofthe
People'sLiberationArmy,Shenyang110042,Liaoning
Province,China
3DepartmentofOphthalmology,theFourthPeople'sHospital
ofShenyang,Shenyang110000,LiaoningProvince,China
Correspondence to: Yan-ChunXu.Departmentof
Ophthalmology,theFirstAffiliatedHospitalofChina
MedicalUniversity,Shenyang110001,LiaoningProvince,
China.xuyanchun45@sina.cn
Received:2012-12-29Accepted:2013-10-08
Abstract
·AIM:Tostudytheefficacydifferencebetweenform-
deprivedmyopia(FDM)andlens-inducedmyopia(LIM),
thedegreeofmyopia,axiallengthandpathological
changesoftheposteriorsclerafromguineapigswere
evaluated.
·METHODS:Four-weekpigmentedguineapigswere
randomlyassignedinto3groups,includingnormal
control( =6),FDMgroupwithmonocularcover( =11)
andLIMgroupwithmonocular-7Dlenstreatment( =11).
FDMgroupwasform-deprivedwhileLIMgroupwas
lens-inducedfor14d.Refractiveerrorandaxiallength
weremeasuredpriortoandposttreatment,respectively.
Morphologicalchangesofsclerawereexaminedusing
bothlightandelectronicmicroscopes.
· RESULTS:After14dtreatment,refractiveerrorsfor
FDMgroupandLIMgroupwere-3.05依0.71Dand-2.12依
1.29D,respectively,whichweresignificantlymoremyopic
thanthatofnormalcontrolsandfellowcontroleyes(<
0.01).Asforaxiallength,itwas7.93依0.03mmforFDM
groupand7.89 依0.06mmforLIMgroup,whichwere
significantlylongerthanbothnormalandfellowcontrols
( <0.01).Withrespecttobothrefractoryerrorandaxial
length,thedifferencesbetweenFDMgroupandLIM
group were not significant ( >0.05). Under light
microscope,bothFDMgroupandLIMgroupshowed
thinnedsclera,disarrangementoffibrosisandenlarged
disassociation between fibers. Consistently,
ultrastructural examination showed degenerated
fibroblastsandthinnedfibersinposteriorsclera.
· CONCLUSION: Following two weeks of myopia
inductioninguineapigs,withregardtothedegreeof
myopia,axiallengthandpathologicalalterations,there
wasnosignificantdifferencebetweenFDMandLIM
models.Therefore,FDMandLIMareequallyeffectiveand
usefulasamodelofexperimentalmyopiaandguinea
pigsareidealanimalsforinductionofexperimental
myopiabecausetheirhighsensitivitytobothform-
deprivationandlens-induction.
·KEYWORDS: form-deprivedmyopia;lens-inducedmyopia;
pathology
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INTRODUCTION
W
orldwide,theincidenceofmyopiaisincreasing
graduallyand30%ofthewholepopulationis
sufferingfrommyopia.Certainseriousmyopiasyndromes
cancauseblindness.Theestablishmentofexperimental
myopiaprovidesafundamentalmodelfortheinvestigation
ofmyopiaetiology.Experimentalmyopiaisonlyinducedin
thelaboratory,whichisnowwidelyusedtostudyhuman
myopiabecauseanatomicalstructureandcharacteristicsof
refractionofsomeanimalsaresimilartohumanspontaneous
myopia.Avarietyofanimals,includingchick,primate,tree
shrew,mouse,catandguineapig,havebeenusedto
investigatethemechanismsofaxialmyopia
[1-4].Bothform
deprivationandlensinductioncouldelongateaxiallengthof
eyesandthuscausedmyopicrefractionofvariousanimals
[5-7].
Withrespecttotheunderlyingcellularmechanisms,form-
deprivedmyopia(FDM)andlens-inducedmyopia(LIM)are
twodifferenttypesofexperimentalmyopia.FDMisinduced
byforbiddinganimalstoseewhereasLIMisinduced
throughwearingconcavelensbeforeanimals'eyesto
disturbingimageformationbehindtheretina,whichinduces
245excessiveaccommodationandextensionofaxiallength,
therebyleadingtoaxialmyopia
[8,9].
FDMdiffersfromLIMinmanyways
[10-12].Previousstudies
haveshownthatFDMcausedlocalalterationsinretinaand
usuallywasnotassociatedwiththecentralnervesystem.
However,LIMcouldbeinhibitedbybreakingthecircadian
rhythm,whichwasnotthecaseforFDM.Asfortheir
associationwithcircadianrhythm,thedifferencesbetween
FDMandLIMwereconfirmedbytherecoveryofmyopia
throughholdingthecircadianrhythm.Theidenticalresultsin
FDMandLIMwererefractiveerror,extendingaxiallength
andabnormalgrowthofthesclera
[13].However,toourbest
knowledge,therearefewreportsaboutthedifferences
betweenthesetwotypesofmyopiamodelsunderthesame
experimentalconditions,suchasexperimentaldurationand
environment.ThecurrentstudycomparesFDMandLIMof
guineapigsunderthesameexperimentalconditionsby
assessingthedegreeofrefractiveerror,axiallengthand
morphologicalalterationsofthesclera.
MATERIALSANDMETHODS
Materials Theanimalresearchprotocolusedinthisstudy
wasapprovedbyExperimentalAnimalCenterandEthnics
CommitteeinChinaMedicalUniversity.Allexperimental
procedureswereunderDeclarationofHelsinki.Twenty-eight
pigmentedguineapigs,approximately4wkold,were
obtainedfromtheExperimentalAnimalCenter,China
Medical University. Allanimalsunderwentbiometric
measurementforrefractionandaxiallengthpriortothe
experiment.Toevaluatetheassociationbetweenmyopic
developmentandtreatmentduration,allanimalsinthe
experimentalgroupsunderwentbiometricmeasurementafter
14dtreatmentfollowingremovalofthefacemasksand
lenses.Asforthenormalcontrolgroup,allanimals
underwentbiometricmeasurementatthesametimepoint.
Methods Guineapigswererandomlydividedintothree
groups:FDM( =11),LIM( =11)andnormalcontrol
( =6).LIMgroupincludedLIMrefractioneyes(oneeye
wearingcontactlens,11eyes)andLIMfellowcontroleyes
(theothereyewithoutcontactlens,11eyes)whileFDM
groupincludedFDMrefractioneyes(oneeyewearing
opaqueeyeshade,11eyes)andFDMfellowcontroleyes(the
othereyewithoutanyintervention,11eyes).Normal
controlswerenotintervenedexceptforeyesrelatedwith
examination.Theanimalswereraisedfor14dandthen
measured,andspecimenswereprocessed.
FDMwasinducedbyapplying monocularlydeprived
facemaskaspreviouslydescribed
[6].LIMwasinducedby
cuttingVelcrobeltintoaringwith2cmindiameter,and
thencreatingaholewith0.8cmindiameterinthemiddleof
theringandinsertingPMMAcontactlens(Lensdiameter
13.5mm,opticaldiameter10.5mm,basecurve9.6mm,
diopter-7D)intotheholewithconvexplanefacing
outwards.PMMAcontactlenswasplacedinfrontofa
randomeyebygluingVelcrobeltontheanimalwith
celloidin (Figure1).Theanimalswerespeciallycaredby
animalcarepersonnelintheroomwith14/10hourlight
cycleat20-25℃.Theanimalswerecheckedonceeverytwo
hoursinthedaytimetocleanthedirtylenswithswaborto
refixlensinfrontoftheeyeifneeded.Lensesandfacemasks
weredemounted14daftertreatmentandanimalswere
processedforfurtherexperiment.
Refractionexaminationandeyeaxiallengthmeasurement
wereperformedbeforeandaftermyopiainduction,guineapigs
wereadministeredwith10g/Ltropicamide-phenylephrine
ophthalmicsolutiononbotheyes'conjunctivalsacfourtimes
with5mininterval,andtheneyeswereexaminedwithstreak
retinoscopyinthedarkroom.Meanwhile,theaxiallengthof
botheyeswerealsomanuallymeasured10timesbyA-scan
ultrasonography(MaidaCorporation,China)withaccuracy
at0.01mmandthenmeanvalueswerecalculatedfor
analysis(Figure2).Allprocedureswereperformedfollowing
anaesthetizingguinea pigs with0.4%oxybuprocatine
(1/5min,2-3times).
Specimens processing Eyeballswereextractedunder
asepticconditionafterguineapigsweresacrificed.Frontpart
Figure1FDM(A)andLIM(B)inguineapigs.
Figure2ResultsoftheA-scanoftheaxiallengthofguinea
pig'seyes.
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ofeyetissueandvitreousbodywereremovedbysplitting
eyeballalongoraserrataundersurgerymicroscope(Topcon,
Japan).ThescleratissuewasstainedbyHematoxylin&
EosinandobservedunderOlympusBH-2microphotoscope
toexaminehistopathologicalchanges.HitachiH-600electric
microscopewasusedtostudytheultrastructuralchangesof
sclerafiber.
StatisticalAnalysis Therefractivestatusandaxiallength
werecomparedamongthedifferentgroupswithone-way
ANOVAafterBonferronicorrection(SPSSVersion16.0,
IBMSPSS,USA).Absolutevaluesofbiometricresultswere
alsocomparedamongthedifferentgroupsusingthesame
statisticalanalysis.Thedifferencewasdefinedassignificant
at ＜0.05andhighlysignificantat ＜0.01.
RESULTS
Asforrefractiveerrorandeyeaxiallength,therewereno
statisticalsignificanceamongLIM,FDMandnormalcontrol
groupsbeforeinterventionandbotheyesofguineapigsdid
notshowsignificantdifference( >0.05forall,Table1).
Alleyeswereunderhypermetropiastatuspriortothe
experiment.Fourteendaysaftertreatment,refractiveerrors
forFDMgroupandLIMgroupwere-3.05依0.71Dand
-2.12 依1.29Drespectively,whichweresignificantlymore
myopicthanthatofnormalcontrolandfellowcontroleyes
( <0.01forall).Therewasnosignificantdifferencebetween
FDMandLIMgroups( >0.05forboth,Table2,Figure3).
Withrespecttoaxiallength,itwas7.93依0.03mmforFDM
groupand7.89 依0.06mmforLIMgroup,whichwere
significantlylongerthanthatofnormalcontrolgroupand
fellowcontroleyes( <0.01forall,Table3,Figure4).As
forbothrefractiveerrorandaxiallength,therewereno
significantdifferencesbetweenFDMandLIMgroups
( >0.05).
Underlightmicroscope,bothFDMandLIMgroupsshowed
thinnedsclera,disarrangementoffibrosisandenlarged
disassociationbetweenfibers(Figure5).Furthermore,
thinnerdiameteroftheposteriorscleracollagenfiberand
vacuolardegenerationinfibroblastswasobservedusing
electronicmicroscope(Figure6).
DISCUSSION
Tothebestofourknowledge,thecurrentstudyforthefirst
time,underthesameexperimentalconditions,comparedthe
differencesofaxialmyopiabetweentwomodelsof
experimentalmyopiaofguineapigsbyinvestigatingthe
degreeofmyopia,axiallengthandpathologicalchanges.Our
studyshowedthatbothformdeprivationandlensinduction
couldelongateeyeaxiallengthandcausemyopicrefraction
effectively.
Withthedevelopmentofmolecularbiology,thestudiesof
myopiaetiologyhavebeenwidelycarriedoutandbeen
well-developedespeciallyaftertheintroductionoftheFDM
animalmodelbyWieselandRaviolain1977
[7].Axial
elongationcausedbymyopiacouldbeinducedindeveloping
animalsbyvisualformdeprivationorbyraisingtheanimal
withnegativelensesinplace
[6,14-16].Themechanismsof
myopiadevelopmentwerefurtherinvestigated.However,
previousstudiesshowedcontroversialresultsaboutthe
animalmodels.Theusualapplyingmodelswereavian
(chick)andmammalian(treeshrewsorprimate).Newly-
Table 1 Refraction and axial length of the experimental animals 
before experiment                                  x ± SD 
Groups  n 
Refraction  
(Diopter) 
Axial length 
(mm) 
Experimental  28  2.71±1.29  7.63±0.04 
Fellow  28  2.57±1.31  7.64±0.04 
  Table 2 Refraction of three groups post-experiment      x ± SD 
Refraction (Diopter) 
Groups  n 
Experimental  Fellow 
NOR  6  3.15±0.94  3.25±1.31 
FDM  11  -3.05±0.71
b  2.29±1.01 
LIM  11  -2.12±1.29
b  1.92±1.05 
bP<0.01 vs normal control group. 
Table 3 Axial Length of three groups post-experiment    x ± SD 
Axial length (mm) 
Groups  n 
Experimental  Fellow 
NOR  6  7.75±0.03  7.75±0.04 
FDM  11  7.93±0.03
b  7.75±0.02 
LIM  11  7.89±0.06
b  7.75±0.03 
bP<0.01 vs normal control group. 
Figure3Comparisonofrefractionpostexperiment
b <0.01.
Figure4Comparisonofaxiallengthpostexperiment
b <0.01.
247Figure6Representativeultrastructuralpicturesofposteriorscleralfibersfromnormalcontrol(A),FDM(B)andLIM(C), 伊6000.
hatchedchickensweremostsusceptibletomyopic
developmentasmyopiarangingfrom-4to-6diopterscould
beinducedwithin1wkofformdeprivation
[17,18].The
experimental-8.06Dmyopiawasinducedbysemitransparent
gogglesforfourdaysand-10.58Dmyopiawasinducedby
-15Dlensfor11d
[19,20].Inthechickeyes,thescleraconsisted
ofaninnercartilaginouslayerandanouterfibrouslayer,and
eyeelongationinvolvedtheincreaseintotalprotein
accumulationbyproteoglycansynthesisandproteoglycan
accumulationandgrowthoftheinnercartilaginouslayer
[21-23].
However,inthemammalianeyes,inwhichthesclera
comprisesasinglefibrouslayer,ocularexpansiondidnot
involvenetgrowthratherthanaremodelingofthesclera
withdecreasedproteoglycansynthesisandanetlossof
scleraltissue
[24].Inaddition,theaccommodatingmuscleof
chickwasnotsmoothmusclebutstriatedmuscleandthe
receptornotnicotinebuthydroxycholine.Themechanicsof
accommodationandtheinnervationweredifferentcompared
tomammalianeyes.Therefore,chickisnotanidealmodel
forthestudyofhumanmyopiaduetothedifferences
betweenhumanandchickenregardingthevisualaxis,ocular
anatomyandaccommodationmechanisms.Primatesarethe
mostidealmodelsforhumanmyopiaastheyaremost
similartohuman intermsofocularanatomyand
physiology
[25,26].However,availabilityofprimatesisvery
limitedandthecostishigherthanotheranimals.Moreover,
themyopiainducedinprimatesgenerallyrequiresalonger
durationthanotheranimals.Asanalternativetotheprimate
model,treeshrewsandguineapigscoulddevelopmyopia
rangingfrom-3to-6diopterswithin1wkofform
deprivation
[27].Asformice,theywerehyperopicandtheir
eyeswereshorterattheendofthelid-sutureperiod,
thereforetheydevelopedmyopiaonlywhenthelid-suture
wasdiscontinuedandformvisionwasrestored.Furthermore,
micewereunlikelytohaveaccommodationsincethey
lackedciliarymusclesintheireyes
[28].Previousstudyalso
showedthatformdeprivationincatsdidnotconsistently
induceaxialmyopia
[29].Therefore,guineapigsappeartobea
suitableanimalmodelforthestudyofhumanmyopia.
Guineapigswereappliedwidelyasexperimentalanimalsin
biomedicalstudies.Theyareanidealmodelbecauseoflow
cost,mildtemperandeasyraise.Moreover,theocular
Figure5RepresentativeH.Epicturesofposteriorscleralfibersofnormalcontrol(A),FDM(B)andLIM(C), 伊200.
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anatomicstructure,biologicstructureandphysiological
functionofguineapigsweresimilartohumanandprimates.
Becauseguineapigsweresensitivetoform-deprivationand
lens-induction,they wereappliedinmyopiastudy
recently
[30,31].Highmyopiacouldbeinducedinshorttime
andhademmetropiaprocesspostnatally.McFadden
[3]
reportedformdeprivationinduced-6.6Dmyopiainfive-day
oldguineapigsandprolongedaxiallengthby0.146mm.
Formdeprivationalsoinduced-5.8Dmyopiaandprolonged
axiallengthby0.170mmintwo-dayoldguineapig.Lu
's
[6] studyshowedthatform-deprived3-wkguineapig
for14dinduced-2.2Dmyopia.Consistently,ourstudy
showedthat14dofformdeprivationonfour-weekold
guineapigsinduced-3.05Dmyopiaandprolonged0.18mm
ofaxiallength.Furthermore,a-7Dconcavelensplacedover
theeyeinduced-2.12Dandprolonged0.14mm.
After14dtreatment,refractiveerrorsforFDMgroupand
LIMgroupwere-3.05依0.71Dand-2.12依1.29D,respectively.
Significantdifferences,comparedwiththatofnormalcontrol
groupandfellowcontroleyes,wereobserved.Intermsof
axiallength,itwas7.93依0.03mmforFDMgroupand7.89依
0.06mmforLIMgroup.Withrespecttobothrefractiveerror
andaxiallength,significantdifferencesbetweenFDMgroup
andLIMgroupwerenotpresented.However,therewereno
significantdifferencesamongthreefellowgroupswhich
showedaxialmyopiainducedbyFDandLI.Therewereno
differenceinthediopterandaxiallengthfollowingfourteen
daystreatment.
Underlightmicroscope,bothFDMgroupandLIMgroup
showedthinnedsclera,disarrangementoffibrosisand
enlargeddisassociationbetweenfibers.Strikingly,posterior
sclerademonstrateddegeneratedfibroblastsanddecreased
fibers.Thescleraistheoutercoatingoftheeyeswhich,in
additiontoprotectingtheretinaandallowingtheattachment
oftheextraocularmuscles,controlsthesizeoftheeyesand
thelocationoftheretinarelativetothefocalplane.Sclerais
madeupwithfibroblastsandthecollagenbundlewhich
paralleltheeyewallunderelectricmicroscope.Thediameter
oftheposteriorsclerafibroblastswasthinnerandthe
disarrangedfibrosiswasenlargedcomparedwiththatfrom
normalcontrolgroupandtherewasvacuolardegenerationin
thefibroblasts.Previousstudiesshowedthat animals'
eyeballshadsubjectiveemmetropiaprocessafterbirth
[17,31].
Moreover,Liu
[32] reportedthatthechiefdifferencesat
posteriorsclerawerediameterandmorphologyoffibroblasts
betweennormalandmyopiaeyes,whichwereparallelwith
theresultsofourstudy.Intermsofthedegreeofmyopia
aftertwo-weekinduction,therewasnosignificantdifference
betweenFDMandLIM.Althoughtheunderlyingmechanism
ofmyopiaformationwasnotidentical,theinducedmyopia
wassimilar.
FDMwasinducedbywearingfacemaskandLIMwas
inducedbyplacingVelcrobelt.TheVelcrobeltwasglued
ontheanimalfossaorbitaliswithcelloidin.Bothmethods
hadtheadvantageswhichdon'toppresstheeyelidand
eyeball,andremovalandoperationwereeasywithoutneed
ofanesthesia.Ourresultswereconsistentwithprevious
studiesregardingthemyopiadiopterandinducedaxial
length
[6,30].Moreover,theeyesfromguineapigsandhuman
beingsharesimilaranatomicalstructurebecausebothof
themaremammal.Themethodsusedherearesuitableand
effectivetoconstructmyopiamodels.Guineapigsarean
idealmodelforinductionofexperimentalmyopiabecause
theyaresensitivetoform-deprivationandlens-induction,
bothofwhichinduceaxialmyopia.Inourstudy,themodels
ofexperimentalmyopiaestablishedareoperation-friendly
withoutthenecessityofanaesthesia.
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